The reaction p(@3.5 GeV) + p → p + Λ + K + can be studied to search for the existence of kaonic bound states like ppK − leading to this final state. This effort has been motivated by the assumption that in p+p collisions the Λ(1405) resonance can act as a doorway to the formation of the kaonic bound states. The status of this analysis within the HADES collaboration, with particular emphasis on the comparison to simulations, is shown in this work and the deviation method utilized by the DISTO collaboration in a similar analysis is discussed. The outcome 1 suggests the employment of a partial wave analysis to disentangle the different contributions to the measured pK + Λ final state.
Introduction
The study of the Kaon-nucleon interaction has triggered several experiments and theoretical calculations in the last two decades. From an experimental point of view, the kaon production has been investigated at intermediate energies (E kin = 1 − 4GeV) for heavy ion collisions and elementary reactions. Normally, the measured kinematic variables can be compared to transport models to infer information about the kaon-nucleus interaction. In this context, the Λ(1405) resonance plays an important role. Indeed this baryon is theoretically described as a molecular state composed of either aK − p or π − Σ combination. Moreover, one expects that the production process and also the properties of the Λ(1405) might differ upon the entrance reaction channel. If we consider that the Λ(1405) is partially composed by a K − − p bound state, by adding a additional proton we might obtain a ppK − cluster [1] . This hypothesis also relies upon the fact that the kaon nucleon interaction is thought to be strongly attractive [2] . One could really think that the Λ(1405) produced together with an additional proton might stick to it and form a ppK − . Experimentally, we have addressed this issue by studying on the one hand the reaction p + p → Λ(1405) + K + + p and on the other hand p + p → ppK
In this work, we discuss the status of the analysis of the p K + Λ final state. Our recent results about the Λ(1405) production [3] show that the position of the maximum of the spectral function is found to be below 1390 MeV/c 2 , suggesting a shift of the Λ(1405) towards smaller masses with respect to the nominal value reported in the PDG. The analysis presented in [3] does not include the contribution of interferences between the Λ(1405) and the I=0 phase space background, which could account for the shift and also modify the obtained differential cross-sections. Nevertheless, by neglecting interferences the angular distribution in the center of mass system (CMS) extracted for the Λ(1405) indicates a rather isotropic production of the resonance, which is in agreement with the hypothesis of a rather large momentum exchange and a rather central p+p collision linked to this final state [4] .
According to the theoretical predictions by [1] , the formation of the most fundamental of the kaonic bound states (ppK − ) can happen in p+p collisions through the Λ(1405) doorway. The underlying idea is that the Λ(1405) being already a K − p bound state, if this resonance is produced together with another proton and the relative momentum between the two particles is relatively small, the high attractive K − -nucleon interaction might lead to the capture of a second proton by the Λ(1405) and hence to the formation of a ppK − molecule. This scenario is predicted to be favored for p+p collisions at kinetic energies between 3 − 4 GeV, where a large momentum transfer from the projectile to the target characterizes the dynamics and creates the optimal conditions for the formation of the kaonic cluster [1] . From a theoretical point of view, the situation is rather controversial [5] . As summarized in [6] , different theoretical approaches predict the existence of a bound state like a ppK − , but the range of the predicted binding energies and width is rather broad and vary from 16 − 95 MeV/c 2 and 34 − 110 MeV/c 2 respectively. From an experimental point of view, signatures connected to the ppK − have been collected by [7, 8] . The result by the FINUDA collaboration [8] Following the same assumptions discussed in [7] , we have carried out an analysis of the final state:
to investigate the possibility of having an intermediate state p + p → ppK − + K + and the successive decay ppK − → p + Λ.
Events Selection and Analysis
The experiment was performed with the High Acceptance Di-Electron Spectrometer (HADES) [9] at the heavy-ion synchrotron SIS18 at GSI Helmholtzzentrum für Schwerionenforschung in Darmstadt, Germany. A proton beam of ∼ 10 7 particles/s with 3.5 GeV kinetic energy was incident on a liquid hydrogen target of 50 mm thickness corresponding to 0.7 % interaction length. The data readout was started by a first-level trigger (LVL1) requiring a charged-particle multiplicity, MUL > 3, in the META system. A total of 1.14 × 10 9 events was recorded under these experimental conditions. The first analysis step consists of selecting events containing four charged particles (p, π − , p, K + ). Particle identification is performed employing the energy loss (dE/dx) of protons and pions in the MDCs. The selection of the Λ hyperon is carried out by exploiting the invariant mass of the p − π − pairs and the cuts described in [10] . A kinematic refit of the events containing a Λ candidate, a proton and a third positive particle is first carried out, employing the energy and momentum conservation and also requiring the Λ nominal mass for the selected p − π − combination as constraints. The kinematic refit allows to select events corresponding to the p + K + + Λ final state. A total statistic of 11.000 events is extracted and the mass of the third positive particle is shown in Fig. 1 (left panel) . The full circles represent the experimental data corresponding to the selected p + K + + Λ events after the kinematic refit, the red dashed and the blue solid line correspond to full-scale simulations and represent the response to the kaon and proton signal respectively. The simulation are not absolutely normalized but the scaling factor is chosen such to reproduce to experimental distribution. One can see that the exclusive analysis allows a good K + identification with a rather low contamination by protons, which translates into a signal to background ratio of about 15. Within a 3 σ cut around the nominal K + mass, a background contribution of about 2 % has been estimated. Fig. 1 (right panel) shows a correlation plot for the selected reaction p + p → p + Λ + K + where the K + − Λ (M(K + − Λ)) invariant mass is shown as a function of the p − Λ invariant mass (M(p − Λ)) within the HADES acceptance and before the efficiency corrections. This distribution gives an impression of the phase space coverage which is accessible for this final state using the HADES spectrometer. The analysis method discussed in [7] relies upon the method of the deviation plot. The experimental pK + Λ Dalitz plot is divided by the Dalitz plot obtained by simulating the production of the pK + Λ final state by pure phase space emission. The projection of the so obtained ratio along the M(p − Λ) 2 shows a large bump, and this bump is interpreted in [7] as the evidence of an exotic state. By fitting the deviation plot obtained for M(p − Λ) and the K + missing mass (MM(K + )) with a Gaussian superimposed to a linear background, a structure with the mass M X = 2.265 ± 0.002 GeV/c 2 and a width Γ X = (0.118 ± 0.008) GeV/c 2 has been identified and associated to a bound state of two protons and a K − . It is clear that such a method does not take into account the role played by resonances like N * , the interferences among the different intermediate states and their contribution to the experimental spectrum. As a first step, we would like to address the comparison of the experimental data to the pK + Λ phase space simulation. We have carried out full scale simulation of the pK + Λ final state by pure phase space emission within the HADES acceptance and we have compared these simulations to the experimental data within the acceptance. Fig. 2 shows the three invariant mass spectra of the pK + Λ final state. The full circles in black show the experimental distributions for the invariant mass of the particle pairs: M(ΛK + ) (a), M(pK + ) (b) and M(pΛ) (c). The full circles in blue show the same distributions obtained from the phase-space simulation of the pK + Λ final state. One can see that the invariant mass distributions differ evidently, especially the ΛK and pK invariant mass distribution. If we compare the phase space simulations and the experimental data on the base of the angular distribution in the CMS, Gottfried-Jackson and helicity reference frames defined analog to [10] , the disagreement is visible as well. Fig. 3 shows the angular distri- 
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) angle frames. The full circles in black show the experimental data and those in blue the same distributions obtained from the phase-space simulation of the pKΛ final state. bution for the experimental data and the phase space simulations within the HADES acceptance for all the combinations in the CMS, Gottfried-Jackson and helicity reference frames. The fact that the phase space simulations do not show isotropic and symmetric distributions is partially due to the geometrical acceptance of the spectrometer for the studied reaction, but these effect are under control in the simulation package. The same disagreement is found if the momentum distribution of the single particles are compared. These comparisons show that the deviation between the phase space distribution and the experimental pK + Λ final states can not be explained by the incoherent sum of the phase space distribution with a single additional resonant state in the p − Λ channel. For this reason a deviation plot would be very difficult to interpret. 
Contribution by the N * Resonances
As suggested by the experimental invariant mass distribution of the K + − Λ pairs and as visible in Fig. 2 , the contribution by intermediate N * resonances decaying into K − Λ pairs should be considered. The left panel of Fig. 2 shows two broad peaks around 1700 and 1900 MeV/c 2 and suggests the presence of at least two N * , but due to the acceptance effects this hypothesis needs to be verified via full-scale simulations. As a first attempt, simulations have been carried
Counts (a. u.) Table 1 . The choice of these resonances is rather arbitrary and constrained by the fact that exploiting a mere incoherent simulation model will not allow to distinguish the contributions by the N * (1710) and N * (1720) or other resonance pairs lying at higher masses with a mass difference lower than 20 MeV/c 2 , being all these states rather broad.
The strength of the different contributions has been varied such to reproduce as good as possible the experimental data. Fig. 4 shows the final result, after the optimization of the sim-6 ulation cocktail, the K + missing mass (a), p − Λ invariant mass (b), Λ − K invariant mass (c) and Λ missing mass (d) distributions are displayed. The black dots represent the experimental points within the HADES acceptance, the cyan and magenta histograms the contributions from the N * (1900) and N * (1720) resonances respectively, while the violet histogram correspond to the total simulated distributions. The contributions from the other two N * resonances included in the full-scale simulations is set to 0 by the minimization procedure and also the contribution by the pure phase space production amounts to only 1.5% of the total yield and is not clearly visible in Fig. 4 . The contribution by the N * (1720) and N * (1900) resonances amounts to 41.5% and 57% respectively and a total χ 2 value of 3.2 is obtained by the comparison of the simulated distribution to the experimental data for the kinematic variables shown in Fig. 4 . The M(Λ − K + ) distribution shows a much improved agreement between the simulations and the experimental data, if compared to the distributions discussed in Fig. 2 , and the two structures can mainly be associated to the contribution of the N * (1720) and N * (1900) resonances. The Λ missing mass distribution shows a similar qualitative agreement between the simulation and the experimental data, in particular the presence of the N * (1900) resonance seems mandatory to describe the low missing mass region. On the other hand, the incoherent simulation employed here, that does not even contain the proper angular distribution of the different final states, does not aim a quantitative determination of the different N * contributions. A more compete analysis in this direction is currently being carried out. When looking at the p − Λ invariant mass (Fig. 4 (b) ), the simulated distribution is shiftd to the right hand side of the mass range, probably due to the fact that the dynamic of the reaction is not completely described by simulations. Indeed, one has to point out that the experimental angular distributions in the CMS, Gottfried-Jackson and helicity reference frames can not be described by the new simulations including the N * resonances, implying that interferences among the different intermediate states might play an important role and should be accounted for but also because the simulations so far have not been weighted with the correct production and decay angular distributions. If we want to compare the experimental correlation plot shown in Fig. 1 (right panel) to the new simulations obtained adding incoherently the phase space production of the pK + Λ final state to the N * contribution, we can build a deviation plot by dividing the experimental data with the simulation. The projections of this ratio on the p − Λ and Λ − K + invariant mass axis is shown in Fig. 5 , (a) and (b) respectively. As one can see, the distribution for the Λ − K + ratio is rather flat, while for the p − Λ invariant mass ratio the shift of the simulated distribution to the right hand side of the spectrum with respect to the experimental distribution, as visible in Fig. 4 (b) , generates a broad bump in the deviation plot. Hence this bump can not be directly attributed to a resonance since the shift of the two spectra, which is also visible in the K + missing mass distribution (Fig. 4 (a) ), can be due to the fact that the simulation model that has been used for the comparison does not include basic features of the pK + Λ production.
It has to be pointed out that several attempts have been made to model non isotropic angular distribution for the N * resonances following the same line of reasoning as shown in the analysis
Exp/Sim
Exp/Sim in [12] , but no solution was found which enables to reproduce the experimental data. New studies employing partial wave analysis have been started and look very promising. A detailed modeling of the experimental data is also necessary to extract a valid acceptance correction, since the geometrical acceptance of the HADES spectrometer is not 100%. The DISTO results assign the signature to the exotic state after a cut on the polar angle of the final state proton (|cos θ CMS | ≥ 0.6) in order to suppress the phase space production contribution. This cut would not affect at all the HADES data, since small polar angles for final state protons are not accessible for this colliding system due to the limited geometrical acceptance of the HADES spectrometer in the forward direction. Moreover, our results stay the same even if a further cut on the K + emission angle (−0.2 < cos θ K + < 0.4), as employed in the DISTO analysis to improve the S/B ratio, is applied.
Summary
We have shown the analysis of the reaction p + p → p + Λ + K + for an incoming beam with a kinetic energy of 3.5 GeV/c 2 measured with the HADES spectrometer. A high purity sample of about 11.000 exclusive pK + Λ events has been extracted and the invariant mass correlation plot and the relative one dimensional projection have been compared to full scale simulation with a pure phase-space event generator. The comparison shows that the phase-space simulations can not describe the experimental missing mass, invariant mass and angular distributions. The disagreement can not be overcome by adding the contribution of one resonance in the p − Λ decay channel with a mass around 2300 MeV/c 2 . The K + − Λ invariant mass shows a clear contribution by at least two N * resonances to the analyzed final state. A dedicated full-scale simulation, including additionally to the pK + Λ phase-space distribution the contribution from N * (1720) and N * (1900) achieves a better description of the experimental data, but still fails to describe the angular distributions. The deviation plot in the p − Λ invariant mass distribution shows a wide bump around 2400 MeV/c 2 that seems to be originated from a shift in the kinematic of the simulation respect to the experimental data. This observation jeopardizes the solidity of the deviation method exploited to extract the DISTO ppK 
